remaining 25 (Table I) were sacrificed to carry out histologic and microbiologic examinations of actively involved joints.
Histologically, the arthritis was characterized at its peak by an intense mononuclear inflammatory reaction involving the synovial membrane and adjacent connective tissues. The earliest detectable change was a dilatation and congestion of blood vessels, especially capillaries, in the soft tissues of the joint. This was accompanied by edema and often by a joint effusion. There followed an increasing mononuclear infiltration of the soft tissues around the joint, including the capsule, consisting of histiocytes, lymphocytes and plasma-like cells 1 (Fig. 1) . These changes were accompanied in many instances by a prominent fibrinoid degeneration (Fig. 2) . Rarely, the inflammatory reaction was of sufficient intensity to include adjacent muscle, and in few instances involved thick walled blood vessels. Associated with the inflammatory infiltrate, there occurred a proliferation of synovial cells (Fig. 3 ). This was followed by an increase in capillary and fibroblastic proliferation. Occasionally the proliferating tissue protruded into the joint cavity. Mild to moderate erosion of cartilage was often present, and most animals showed a mild periosteal reaction along the shaft of the bone. Regression was characterized by a decrease in the numbers of mononuclear cells, and eventually by replacement with dense fibrocollagenous tissue (Fig. 4) . In some instances, complete resolution of the entire process occurred. It is of interest that when lesions were present simultaneously in both joints and skin in some animals, tissue infiltrates in the synovium and dermis were comparable in histologic appearance. Culture of 25 joints in 17 animals (Table III) for pyogens and PPLO were carried out by Dr. John Ward. The cultures for PPLO, as described above, in-1 The term plasma-like cells has been used in this paper to designate ceils resembling plasma cells but often differing from the typical mature plasma cell in respect to the amount of cytoplasm or the density of the nuclear chromatin. The nomenclature and identification of such cells has been discussed by several authors (5, 6) .
cluded inoculation of 6 different media and inoculation of egg embryos. These yielded no growth.
Findings in the Heart.--Histologic changes were noted in all of 21 hearts which were serially sectioned in toto. (Table II) .
Changes were seen in the valves, myocardium, and epicardium. Myocardial changes were observed in all animals examined, and valvulitis was seen in 15 of 21 (Table II) . Most commonly involved was the mitral valve, but changes were also seen in the aortic, pulmonary, and tricuspid valves. The earliest lesion in the valves was focal edema which became progressively more diffuse, eventually to be supplanted by a chronic inflammatory reaction (Fig. S) . The in- flammatory cells were chiefy lymphocytes, macrophages, and plasma cells. Ultimately, fibrosis was observed. The myocardium was involved principally at the root of the mitral and aortic valves. The inflammation was mononuclear in type, tending to be relatively uniform in character, some infiltrates being composed mainly of plasma-like cells and histiocytes (Fig. 6 ), while others consisted mainly of lymphocytes. Later, edema and/or capillary and fibroblastic proliferation with subsequent fibrosis were present (Fig. 7) . In an occasional instance, a modest number of polymorphonuclear cells was observed. In a few hearts, the chronic inflammatory infiltrate was generalized in the myocardium (Fig. 8 ), but this was always of lesser intensity than the focal lesions. In these cases, edema of the myocardium and mild degeneration of muscle fibers was present. Atria and auricular appendages were also the site of inflammation and edema (Fig. 9) . The epicardium, especially at the root of the major vessels, demonstrated edema, inflammation and serous atrophy of the fat. In 2 hearts, vasculitis was present in this region, while in a third, a pronounced necrotizing arteritis with fibrinoid change was seen in a coronary artery (Fig. 10) .
Culture of 22 samples of heart tissue from 17 animals for pyogens yielded growth of a staphylococcus in one sample (Table 111 ). This may have been a contaminant. Cultures for PPLO were negative in all cases.
Histologic Changes in the Lymph Nodes.--In control animals injected with frozen and thawed homologous lymphoid cells, the architecture of the lymph nodes was preserved, showing a definite follicular and sinusoidal pattern. The follicles contained proliferating reticulum cells and lymphoblasts maturing to lymphocytes. Sinusoids were lined by endothelial cells and reticulum cells. There were abundant lymphocytes with occasional plasma cells and reticulum cells within the stroma.
In the animals with homologous disease, the changes could be divided into three stages. These appeared to be related to the duration of the homologous disease and its intensity, especially the time of death or sacrifice. They were also correlated with the presence or absence of polyarthritis, although no correlation could be made with the presence of cardiac involvement, because this change occurred to a greater or lesser degree in all animals in which the hearts were examined microscopically. In a first group, consisting of 6 animals dying or sacrificed between 1 and 21 days after the third injection, the lymph nodes were characterized by a diminution in the size and number of the follicles and an increased prominence of the sinusoidal architecture and its associated cells. Arthritis was present in only 1 of 6 of this group. In the most severely ill animals, there was complete loss of follicular pattern, and the nodal architecture was replaced by a large number of histiocytes and lymphocytes with occasional plasma cells (Fig. 11) .
In a second group, sacrificed between 16 and 21 days after the third injection, the nodes were enlarged, nodal architecture was absent, and there was almost complete replacement by plasma-like cells with varying numbers of histiocytes (Fig. 12 ). Animals in this group had florid disease characterized by dermatitis, arthritis, and cardiac involvement. Arthritis, demonstrated both clinically and histologically, was present in 7 of 8 animals examined.
In the third group, dying between 24 and 27 days, the nodes were decreased in size with absence of the usual architecture, and the sinusoidal areas showed an increase in fibrous tissue with moderate numbers of lymphocytes and histiocytes, and decreased numbers of plasma cells. One of 4 of this group had arthritis at the time of autopsy.
Histologic Changes in the Spleen.--In the spleen, the histologic changes were similar to those seen in the lymph nodes, Both the follicular and sinusoidal systems were affected. When the follicles were involved, there was progressive loss of lymphocytes, progressing to complete disappearance of the follicle. Simultaneous with these changes, there was a relative increase in reticulum cells, which on occasion reached such proportions as to replace the follicles completely (Fig. 13 ). Within the sinusoids, similar reficulum cell proliferation was observed with some of the cells showing an eosinophilic cytoplasm and in most instances, there was an associated increase in plasma-like cells (Fig. 14) . On occasion large hemosiderin deposits were seen. In many instances, there was a partial to complete loss of megakaryocytes. In more advanced stages, fibrosis was observed, which sometimes completely obliterated the sinusoidal architecture (Fig. 15) . Focal areas of necrosis were present in a few animals, which on occasion had the appearance of amyloid (Fig. 16) .
Thymus.--Both cortex and medulla were involved. Initially the medulla showed a prominent increase in vacuolated, eosinophilic reticular cells. Numerous, scattered smaller cells including thymocytes and plasma-like cells were also present (Fig. 17) . Later the cortex was in most cases markedly involuted. The capsule ordinarily demonstrated numerous granular cells, and on occasion both eosinophils and mast cells were present. Rarely, loose to dense fibroblastic proliferation was seen within the medulla.
Liver.--In the gross, the livers showed no significant change. Microscopically, some were normal, but others had a mild periportal mononuclear infiltration. In a few instances, Kupffer cells were prominent and a diffuse lymphocytosis was present. Occasionally, central lobular congestion leading to degeneration and atrophy, was seen which, rarely, progressed to focal central necrosis.
Kidney.--The most consistent change was an interstitial inflammatory reaction observed in 19 of 56 animals. The infiltrate was composed of lymphocytes, hisfiocytes, and occasional plasma cells, and was usually perivascular in location (Fig. 18) . It was most commonly seen in the medulla, although the cortex was also occasionally involved. Less frequently encountered was a mild focal nodular thickening of the glomerular basement membrane, sometimes unassociated with the perivascular inflammatory reaction. Rarely, a glomerulus demonstrated an alterative glomerulitis similar to the non-specific glomerular reactions observed in humans having a systemic disease. Non-specific tubular degeneration was also present. DISCUSSION In previous reports, involvement of a number of organ systems has been demonstrated in homologous disease (1) (2) (3) (7) (8) (9) (10) (11) (12) . These have included the blood, skin, lymphatic system, liver, intestine, and pancreas. In the case of the blood (7, 11, 12) and skin (3, 9) it has been demonstrated that these alterations are the consequence of an immunologic reaction of the graft against the host. In addition to the organ involvement listed, striking changes in the joints and heart have been observed (1, 2, 13). These are described here in detail. Myocardial and joint lesions have also been noted recently in rats with homologous disease by Aisenberg, Wilkes, and Waksman (14) .
The arthritis noted in the present experiments was migratory and transient in nature, and tended to be moderate in severity. Only mild residual changes remained in affected joints. The possibility that the arthritis was produced by PPLO organisms has been rendered unlikely by the negative cultural studies reported. Also different from the arthritis produced by PPLO (15) , was the clinical course and the histologic appearance of the changes noted. In contrast to the long duration of PPLO arthritis and the residual deformity, including destructive changes and frequently ankylosis, the transient arthritis of homologous disease produced only occasional mild erosion of cartilage. The mononuclear reaction seen in homologous disease contrasted strongly with the acute, polymorphonuclear type of synovitis, often accompanied by microabscesses, usually seen in PPLO arthritis. Where predominantly mononuclear infiltration has been observed in PPLO arthritis (16) , this occurred only after a period of several weeks, when the initial suppurative phase of the infection had subsided (17) .
It was not possible to estimate the time of onset of the cardiac lesions in relation to the other changes of homologous disease because most animals were autopsied at the time the arthritis became manifest. Impressive, however, was the finding that all animals autopsied had cardiac lesions. These too, were mononuclear in character. Changes were more frequent in the myocardium than in the valves, and were frequently noted at the root of a valve when the valve itself was not involved. It is of interest that a number of animals showed vascular inflammatory reactions in the heart.
The changes in the lymphoid tissue could be divided into 3 stages. In the first, there was a progressive loss of follicular architecture with increased prominence of the sinusoids. The second stage was characterized by the presence of increased numbers of plasma-like cells and histiocytes. The latter changes were manifested grossly by enlargement of the lymph nodes and spleen. The time at which the response of the plasma-like cells was at its maximum, i.e. 2 to 3 weeks after the last injection of lymphoid cells, corresponded with the the development of the most florid phase of the disease when cardiac involvement, dermatitis and arthritis were usually present. The last stage was characterized by atrophy and fibrosis; arthritis was infrequent and skin lesions tended to be chronic at this time.
Evidence has been previously presented for an immunologic basis for the skin lesions present in these animals (3). It appears reasonable to assume that the striking abnormalities in the joints and heart may also have an immunologic basis. They appeared at approximately the same time as the skin lesions in those animals in whom both were present. At this time, also, the lymph nodes and spleen showed their maximal cellular response. Histologically, the lesions in joints and heart were mononuclear in character, and resembled those seen in the skin. No other basis, such as infection with known agents, has been demon-strated. Thus, there appears to be considerable evidence to suggest that the joint and cardiac changes are immunologically determined, and may depend on histoincompatibility differences of the type involved in the skin response.
Recently, the participation of factors other than the graft-versus-host reaction in the wasting of homologous disease has come under consideration. Marked wasting has occurred in a high percentage of neonatally thymectomized animals (18) (19) (20) (21) and in young mice treated with steroids (22) , and sterile bacterial vaccines (23) . This has been attributed to a reduction in critical mass of lymphoid cells, as observed after thymectomy (24) and following administration of steroid (22) or bacterial vaccine (23) . Wasting has also been observed in neonatal mice following injection of spleen cells contaminated with Salmonella (25) .
Recently, Wilson, Sjodin, and Bealmear (26) have noted the absence of wasting in thymectomized germ free animals. This observation has focused attention on the role of infection in the wasting seen in homologous disease. The recent observation of McIntire, Sell, and Miller (27) that wasting occurs with the graft-versus-host reaction even in the germ-free animal indicates, however, that bacterial infection need not be present in order to develop the wasting seen in this condition.
Although homologous disease has been reproduced in the germ-free animal, one cannot rule out the possibility that the joint and heart lesions here reported are the result of a process other than the graft-vers~s-host reaction. Though available evidence indicates that transplantation antigens are probably responsible for the skin lesions in this condition (3), hypersensitivity to an infectious agent must for the following reasons be considered as a possible alternative mechanism for development of the joint and cardiac lesions. The animal with homologous disease is known to have a reduced immune response (28) and may, therefore, be subject to infection, although surprisingly, this has so far not been demonstrated in a number of bacteriological studies (29, 30) as well as in the cultures of the joints and hearts here reported. Nevertheless, the role of antigens related to infection elsewhere in the body must be considered, since joint (31, 32) and heart lesions (33) resulting from hypersensitivity to bacterial antigens have been described in the past. The possibility of hypersensitivity to a virus related antigen must also be taken into account. It is of interest, in this regard, that a diffuse mononuclear inflammatory disease, involving many organs, has been described in the mouse following viral infection with lymphocytic choriomeningitis virus (34) and that a chronic arthritis has been described in the lamb with psittacosis lymphogranuloma venereum virus (35) .
In considering the role of antigens related to possible infectious agents in the development of the joint and cardiac lesions, it is necessary to assume that, although the occurrence of such antigens might be a consequence of decreased ability on the part of the host to resist infection, sufficient immunologic responsiveness would have to be retained by the host to react to an offending antigen with a local inflammatory response. This would assume that the animal with homologous disease retains the capacity for cellular hypersensitivity at a time when its ability to produce protective serum antibody is diminished. This situation prevails, as is well known, in patients with agammaglobulinemia who commonly display connective tissue inflammatory lesions (36) .
A striking demonstration of the graft-versus-host reaction is seen in the changes in the lymphoid organs. Similar findings have been described by others (8, 37) . The marked progressive changes observed are, presumably, a consequence of the "homing" of the donor cells to the reticuloendothelial system, leading there, more than elsewhere in the body, to close contact between host and donor cells. The disappearance of lymphocytes and loss of architecture observed would appear to be a consequence of immunologic attack by the donor cells, while the appearance of the plasma-like cells described is most likely a result of immunization of the donor cells by host antigens (38) . An additional effect of extrinsic antigens cannot, however, be ruled out. It is of interest that that the plasmacytosis seen in the lymph nodes and spleen in homologous disease resembles those reported in these organs in animals receiving x-irradiation following antigen (39) and in animals receiving antflymphocyte serum (40) . In both these experimental groups, destruction of lymphocytes occurs concomitantly with the development of an immune response, a combination of immunologic events which also occurs in homologous disease. The fibrosis of the lymphoid organs which eventually develops in homologous disease is very likely a consequence of the inflammatory reaction accompanying the graftversus-host response.
The mild interstitial lesions in the kidney, without glomerular involvement, appear to be an expression of the graft-versus-host reaction. In their interstitial localization, they resemble the lesions which have been produced by homologous cells injected beneath capsule of the kidney (41) . Similar infiltrates are also seen in kidney homografts undergoing rejection (29, 42) . The absence of glomerular lesions suggests that serum antibody does not play a significant pathogenic role in the homologous disease studied in the present investigation. This would apply not only to nephrotoxic antibody (43, 44) but also to circulating antigen-antibody complexes of the type described by a number of investigators (45, 46) .
SD3tr~rARy
Polyarthfitis and cardiac lesions have been observed in the adult rat with homologous disease. Changes in the lymphoid tissue and kidney have also been noted.
A migratory polyarthritis occurred in over half of the affected animals, and cardiac involvement of varying intensity was present in all. Histologically, the arthritis was characterized by a mononuclear synovial inflammatory reaction.
In the heart, the valves and myocardium demonstrated a similar type of response. Cultures of involved joints and hearts for pyogens and pleuropneumonia-like organisms were negative. The lymphoid tissues showed progressive changes in three stages: (a) disappearance of follicles; (b) increase in plasma-like cells and histiocytes; and (c) fibrosis. The second stage tended to coincide with the development of the polyarthritis. The kidney showed mild interstitial mononuclear infiltration.
The pathologic changes described appear to be a consequence of reaction between foreign immunologically competent cells and host antigens, but the possibility that these lesions represent a response to antigens derived from unknown infectious agents is, however, not ruled out. 
